We represent a pathologically proven case of a four-year-old male patient with renal cell carcinoma associated with Xp11.2 translocation/TFE3 gene fusion, which is rare but more frequent in children or young adults. Computed tomography showed about 2.5 cm size ill-defined mass in the right kidney. The mass was hyperechoic on ultrasound. Magnetic resonance imaging demonstrated a mass with capsular enhancement and diffusion restriction. We present a case of Xp11.2 renal cell carcinoma and provide review of the literature.
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While Wilms' tumor accounts for 87% of all pediatric renal masses, pediatric renal cell carcinoma (RCC) is rare. RCC in children or young adults is often hereditary and is associated with von Hippel-Lindau syndrome. Sporadic RCC in children or young adults is less common and is often associated with Xp11.2 translocation/TFE3 gene fusion. The proportion of Xp11.2 translocation/TFE3 gene fusion RCC (Xp11.2 RCC) among RCC in young age group varies from 20% to 70%. Although several studies about pathologic features of Xp11.2 RCC have been reported (1) , its radiological imaging findings are not yet fully understood. We report a case of a pediatric Xp11.2 RCC, emphasizing the radiological aspects, including ultrasound (US), computed tomography (CT), and magnetic resonance (MR) imaging with diffusion-weighted imaging (DWI) and dynamic enhancement.
A four-year-old boy with no specific birth or other past history presented with intermittent gross hematuria that had persisted for one year. Urine analysis showed proteinuria, hematuria, and dysmorphic red blood cells.
Single excretory phase CT (Brilliance 64; Philips Medical Systems, Cleveland, OH, USA) with contrast enhancement was performed at an outside hospital. The CT scan showed an ill-defined mass of 24×19× 16 mm size in the lower pole of the right kidney involving renal pelvis (Fig. 1a) . The lesion showed lower attenuation than the surrounding renal parenchyma with heterogeneous enhancement. Although pre-contrast images were not obtained, there was no definite calcification in the mass. After the patient was transferred to our hospital, US and MR imaging were performed for further evaluation. US evaluation (iU-22; Philips Medical Systems, Best, The Netherlands) revealed lobulated and hyperechoic mass invading the renal cortex and the renal sinus (Fig. 1b) . When Doppler imaging was applied, the mass was found to be hypovascular compared to the surrounding normal parenchyma. MR imaging was performed using a 1.5T scanner (Intera Achieva; Philips Medical System, Best, The Netherlands) equipped with a SENSE cardiac coil. Conventional imaging with DWI was performed and Gd-DOTA (Dotarem, Guerbet, Aulnay-sous-Bois, France) was used for the dynamic contrast enhancement study. The tumor was of low to intermediate signal intensity on T1-weighted images ( Fig. 2a) and of intermediate to high signal intensity on T2-weighted images (Fig. 2b) . DWI was obtained using b values of 0, 500, and 1000 sec/mm 2 , and the peripheral portion of the mass showed diffusion restriction compared to the central part of the mass (Fig. 2c) . The mean value of the apparent diffusion coefficient (ADC) in the tumor with diffusion restriction was lower than the surrounding normal renal parenchyma (1.043 × 10 -3 and 2.061 × 10 -3 mm 2 /sec, respectively) (Fig. 2d) . As part of the dynamic phase, corticomedullary, nephrographic, and delayed phases were obtained at 20, 40, and 60 seconds after contrast injection, respectively. During the dynamic enhancement study, the renal mass showed less enhancement than the normal renal parenchyma ( Fig. 3a-d ) and showed peripheral enhancement on corticomedullary phase (Fig. 3b) . There was no evidence of regional lymph node or Imaging Findings of Renal Cell Carcinoma Associated with Xp11.2 Translocation/TFE3 Gene Fusion in a 4-Year-Old Male � Hyun Gi Kim, et al. distant metastasis on pre-operative radiologic evaluations. Along with Wilms' tumor, which is the most common renal mass in pediatric patients, other tumors such as inflammatory myofibroblastic tumor of renal pelvis, leiomyoma, solitary fibrous tumor, and RCC was included in the differential diagnosis. As the mass was not showing typical features of Wilms' tumor and the possibility of malignancy had to be ruled out before total nephrectomy, US-guided percutaneous biopsy was performed before the open surgery. After frozen specimen was confirmed as a malignant tumor, right nephrectomy was performed. Renal capsule was intact and there was no adhesion between the kidney and the surrounding structures.
Gross specimen showed infiltrative yellow mass (24 ×10 mm) in the lower pole of the right kidney which contained necrotic lesion in central and renal pelvic area. The mass was 4 mm apart from the capsule and was abutting on the calyx. Parenchymal congestion was noted at the inferior side of the mass and there was partial capsule formation (Fig. 4a) . On microscopic evaluation, the tumor was predominantly of clear cell type with papillary figures and psammomatous calcifications (Fig. 4b) . Calcifications were dominant in the peripheral portion of the tumor. Immunohistochemical staining showed that the nuclei of tumor cells were immunoreactive for TFE3 (Fig. 4c) . The final pathologic diagnosis was Xp11.2 RCC.
Overall TNM staging was stage 1 as T1N0M0. Follow up imaging of positron emission tomography and US showed no evidence of tumor recurrence or metastasis until 21 months after the surgery. children, but mesoblastic nephroma, rhabdoid tumor, and clear cell sarcoma can also occur in young age group. Because RCC occurs infrequently in children, it is generally hard to differentiate RCC from Wilms' tumor before histopathologic confirmation. While the peak patient age at presentation of Wilms' tumor is three years, the mean age of the presentation of RCC is approximately eight to nine years (3). Compared with Wilms' tumor, RCC manifests more bilaterally (2) . If RCC tends to be multiple, von Hippel-Lindau syndrome should be ruled out in pediatric patients (4) . Generally, clear cell RCC is the most common histologic subtype, accounting for 70% of all RCC. However, pediatric population tends to have more proportion of papillary carcinoma than clear cell RCC (5). Xp11.2 RCC was described as an independent entity in the 2004 World Health Organization classification of kidney tumors. This carcinoma predominantly affects young age group from children to the second and third decades of life generally showing no gender predominance. It has a wide morphologic spectrum on histopathology with both clear cells and papillary architecture and often with abundant psammoma bodies (6). Xp11.2 RCC is reported to consist 20 -70% of RCC in young patients (5, 7). Grossly, Xp11.2 RCC is indistinguishable from conventional RCC and the radiological findings of Xp11.2 RCC are unspecific.
RCC is characterized by rich blood flow and vascularity. Color Doppler images of our case showed minimal blood flow in comparison with the adjacent renal parenchyma. On contrast enhanced study of CT, however, it showed heterogeneous enhancement. No particular enhancement pattern of Xp11.2 RCC is reported yet, however, thick peripheral rim enhancement was noted in the previous report, which was similar to our case (9) . There was mild and delayed enhancement in the periphery of the lesion in our case and this is believed to be caused by partial capsule formation . In another case report of Xp11.2 RCC of an adult patient, the tumor was hyperdense but did not show distinct enhancement on CT (8) .
MR imaging can be used to characterize and differentiate renal masses including RCC. The MR findings of RCC are similar to those of Wilms' tumor. Generally, RCC can appear as iso-or hypointense on T1-weighted images and has variable signal intensities on T2-weighted images. There are few reports dealing with MR imaging findings of Xp11.2 RCC in young age group. A previous Xp11.2 RCC case showed partially solid and cystic portion in the mass on MR imaging (10) . Our case showed intermediate to high signal intensity on T2-weighted images, but there was no definite cystic component. Central part of the mass showing less diffusion restriction could be explained by central necrosis confirmed from gross specimen.
DWI can be helpful for differentiating subtypes of RCC. However, there have been few studies about the use of DWI in Xp11.2 RCC. Our study showed a low ADC value in the tumor, especially in the peripheral portion (1.043 × 10 -3 mm 2 /sec). However, DWI of Xp11.2 RCC in a previous report was isointense compared with renal parenchyma (9) . Further study is needed to refine this aspect.
Grossly, Xp11.2 RCC can have either welldemarcated or irregular margin (9-11). Our case showed irregular and infiltrative margin both in the imaging studies and in the gross specimen. However, the mass was located inside the kidney contour and did not extend across the perinephric area.
Like acute leukemia, Xp11.2 RCC is associated with exposure to prior chemotherapy (12) . However, there was no history of prior chemotherapy in our patient. Prognosis of Xp11.2 RCC in children or young adults is still controversial. However, recent studies have shown that Xp11.2 RCC is associated with significantly decreased disease-free and overall survival (13, 14) . Our case was followed-up until 21 months after surgery and showed no evidence of tumor recurrence or metastasis.
This report is a case of rare renal malignancy occurred in a four-year-old boy. As Xp11.2 RCC has a variety of histopathologic findings, typical radiologic features have not yet been characterized. This is the first case report showing all of the US, CT, and MR imaging characteristics, including DWI and dynamic enhancement. Although RCC is rare in children, if renal mass does not show typical findings of Wilms' tumor, Xp11.2 RCC should be considered as one possible differential diagnosis. Further evaluation and reports should be needed to acquire characteristic radiological findings of this tumor. 
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